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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a variable 
magnification optical system suitable to miniaturization 
and low cost formation. 

SOLUTION: This variable magnification optical system is 
constituted of a first lens group G1 having positive 
refractive power, a second lens group G2 having the 
positive refractive power and a third lens group G3 
having negative refractive power in order from an object 
side, and when a lens position state is changed from a 
wide-angle end state to a telephoto-end state, all lens 
groups are moved to the object side so that an interval 
between the first lens group G1 and the second lens 
group G2 is increased, and the interval between the 
second lens group G2 and the third lens group G3 is 
reduced. Then, the second lens group G2 is constituted 
of only a negative lens component turning a concave 
surface to the object side and a positive lens component 
turning a convex surface to an image side, and 
prescribes the range of the suitable focal distance of the 
first lens group G1. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Body sides are consisted of by the 3rd lens group which has in order the 1st lens 
group which has right refractive power, the 2nd lens group which has right refractive power, and 
negative refractive power. So that the interval of the aforementioned 1 st lens group and the 
aforementioned 2nd lens group may increase and the interval of the aforementioned 2nd lens 
group and the aforementioned 3rd lens group may decrease, in case a lens position state 
changes from a wide angle edge state to a tele edge state It is the variable power optical system 
characterized by for all lens groups moving to a body side, and for the aforementioned 2nd lens 
group consisting of only a negative - lens component which turned the concave surface to the 
body side, and a positive-lens component which turned the convex to the image side, and 
satisfying the following conditional expression (1). 

[Equation 1] 

(1) 0. 9<f l/(fw-ft) l/J <2. 0 

However, fl : Focal distance fw of the aforementioned 1st lens group: Focal distance ft in the 
whole system in the wide angle edge state of the aforementioned variable power optical system: 
It is a focal distance in the whole system in the tele edge state of the aforementioned variable 
power optical system. 

[Claim 2] It is the variable power optical system according to claim 1 characterized by the 
aforementioned aperture diaphragm moving in one with the aforementioned 2nd lens group in 
case it has further the aperture diaphragm which adjoined the aforementioned 2nd lens group 
and has been arranged and a lens position state changes. 

[Claim 3] The lens side in which it separates from the aforementioned aperture diaphragm most 
among the lens sides in the aforementioned 2nd lens group, and is located is variable power 
optical system according to claim 2 characterized by being the aspheric surface. 

[Claim 4] The aforementioned aperture diaphragm is variable power optical system according to 
claim 2 or 3 characterized by being arranged between the aforementioned 1st lens group and the 
aforementioned 2nd lens group. 

[Claim 5] The aforementioned 1st lens group is variable power optical system according to claim 
1 or 4 characterized by consisting of only a negative-lens component and a positive-lens 
component arranged at the image side. 

[Claim 6] Variable power optical system according to claim 1 or 5 characterized by satisfying the 
following conditional expression (2). 

(2) 0.6<(TLt-TLw)/(ft-fw) <0.9, however the lens overall length TLw in a TLfctele edge state : it 
is a lens overall length in a wide angle edge state. 

[Claim 7] Variable power optical system according to claim 6 characterized by satisfying the 
following conditional expression (3). 

(3) beta3w> 1 .40, however beta3w: It is the lateral magnification of the aforementioned 3rd lens 
group in a wide angle edge state. [Claim 8] The 2nd lens group is variable power optical system 
according to claim 1 characterized by moving by the movement magnitude ratio from which the 
aforementioned aperture diaphragm differs in case it has further the aperture diaphragm 
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arranged between the aforementioned 1st lens group and the aforementioned 2nd lens group and 
a lens position state changes from a wide angle edge state to a tele edge state. 

[Claim 9] Variable power optical system according to claim 1 or 8 characterized by satisfying the 
following conditional expression (4). 

(4) 0.5<(D1 T-D1W)/(D2 W-D2T) <2 — however D1T : In the tele edge state the aforementioned 
1st lens group which can be set — most — the field by the side of an image — length D1W of 
the aforementioned 2nd lens group which met the optical axis to the field by the side of a body 
most : the aforementioned 1st lens group in a wide angle edge state most the field by the 
side of an image — length D2T of the aforementioned 2nd lens group which met the optical axis 
to the field by the side of a body most : In the tele edge state It is length D2W of the 
aforementioned 3rd lens group which met the optical axis to the field by the side of a body most 
from the field by the side of the aforementioned 2nd lens group which can be set, but an image. : 
It is the length of the aforementioned 3rd lens group which met the optical axis to the field by 
the side of a body most from the field by the side of the aforementioned 2nd lens group in a wide 
angle edge state, but an image. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[The technical field to which invention belongs] this invention relates to the variable power 
optical system which includes the field angle which exceeds 65 degrees especially in a wide angle 
edge state about small variable power optical system. 

[ 0002 ] 

[Description of the Prior Art] In the taking lens for the latest lens shutter formula cameras, a 
zoom lens becomes general and the camera equipped with the high variable power zoom lens 
with which a variable power ratio exceeds double precision is becoming in use. Conventionally, 2 
group zoom lens which consists of a positive-lens group and a negative-lens group is known, 
change of the aberration outside a shaft accompanying [ when it is going to raise a variable 
power ratio with this 2 group zoom lens ] change of a lens position state — good — an 
amendment — the problem to which things become difficult — or the movement magnitude at 
the time of a lens position state changing from a wide-angle edge state (state where of a focal 
distance is the shortest), to a tele-edge state (state where of a focal distance is the longest) 
became large, and problems, such as causing complication of lens-barrel structure, had arisen 
[0003] Moreover, since the degree of option arises on move tracing (zoom orbit) which the 
multi-group zoom lens has three or more moving-lens groups, and each lens group moves from a 
wide angle edge state to a tele edge state, change of the aberration outside a shaft 
accompanying [ since the flexibility on aberration amendment increases and change of the lateral 
magnification accompanying change of the lens position state of each lens group becomes 
small ] change of a lens position state - — good — an amendment — things become possible and 
it is easy to attain high variable power-ization 

[0004] However, with the conventional multi-group zoom lens, since it is necessary to give 
aberration amendment for each [ which constitutes a zoom lens ] lens group of every, the lens 
number of sheets which needs several or more lenses in each lens group, therefore constitutes a 
zoom lens according to the increase in a moving-lens group will increase. Not only manufacture 
is cheaply impossible, but the thickness at the time of storing in the main part of a camera will 
become large, and the miniaturization of the main part of a camera will be difficult, so that lens 
number of sheets increases. 

[0005] In the former, there is comparatively little lens number of sheets, and the right 
positive/negative 3 group type is known as a zoom lens suitable for the miniaturization. As a 
such right positive/negative 3 group type zoom lens, it is indicated by JP, 6-67093, A, JP,6- 
230284, A or JP,8-1 01 341 ,A, etc., for example. Now, in respect of portability, a lens shutter 
formula camera is excellent compared with a single-lens reflex camera, and it is excellent in 
portability, so that it is small and lightweight. Furthermore, as for a lens shutter formula camera, 
attaining the miniaturization of a taking lens, since taking lenses are a main part of a camera and 
one leads to a miniaturization and lightweight-ization of the main part of a camera. 

[0006] Moreover, in order to raise the portability at the time of intact, in case the taking lens for 
lens shutter formula cameras stores a taking lens in the main part of a camera, it is stored in the 
state where the interval of ****** lens groups serves as the minimum. Generally, although the 
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one where the field angle included in a wide angle edge state in a zoom lens is narrower can 
realize high variable power— ization easily, at this time, the lens overall length in a tele edge state 
cannot become large to screen diagonal length, and the miniaturization of a camera cannot be 
attained. Therefore, in order to have realized small variable power optical system with a high 
variable power ratio, to include a wide angle region more was desired. 

[0007] 

[Problem(s) to be Solved by the Invention] However, with the zoom lens of the conventional right 
positive/negative 3 group type indicated by JP, 6-67093, A mentioned above, JP,6-230284,A, and 
jp 8-1 01 341, A, when it has passed through the position where the axial outdoor daylight bunch 
separated from the optical axis in the 3rd lens group considerably in the wide angle edge state 
and is going to include a wide angle region more, a back focus becomes extremely short, the 
diameter of a lens becomes very large as a result, and there is a trouble that the miniaturization 
of a lens system cannot be attained. 

[0008] Although it made it more effective for the miniaturization of a lens system for the range 
of focal distance change to shift to a short focus side, maintaining a predetermined variable 
power ratio, a wide angle region could not be included, namely, since the range of focal distance 
change was not able to be shifted to a short focus side, the miniaturization of a lens system was 
inadequate [ when raising the portability of the main part of a camera as mentioned above, the 
miniaturization of a lens system was important, and / the conventional right positive/negative 3 
group type ]. 

[0009] both [ thus, ] JP, 6-67093, A JP, 6-230284, A and JP, 8-1 01 341, A — although — although 
high variable power-ization was attained by few lens composition number of sheets, wide-angle- 
izing was not enough, and coexistence-izing with a miniaturization and a raise in variable power 
was difficult, maintaining a predetermined variable power ratio The purpose of this invention is 
offering the variable power optical system which solved the above trouble and fitted a 
miniaturization and low-costHzation. 

[ 0010 ] 

[Means for Solving the Problem] The 1st lens group in which the variable power optical system 
concerning this invention has right refractive power in order [ side / body ], It is constituted by 
the 3rd lens group which has the 2nd lens group which has right refractive power, and negative 
refractive power. So that the interval of the aforementioned 1st lens group and the 
aforementioned 2nd lens group may increase and the interval of the aforementioned 2nd lens 
group and the aforementioned 3rd lens group may decrease, in case a lens position state 
changes from a wide angle edge state to a tele edge state All lens groups move to a body side, 
and the aforementioned 2nd lens group consists of only a negative— lens component which turned 
the concave surface to the body side, and a positiveHens component which turned the convex 
to the image side, and aims at the target achievement by satisfying the following conditional 
expression (1). 

[ 0011 ] 

[Equation 2] 

(1) 0. 9<f 1/ (fw - ft) 1/2 <2. 0 
[ 00 1 2 ] 

[Embodiments of the Invention] First, the composition of the variable power optical system 
concerning this invention is explained. As the variable power optical system concerning this 
invention is shown in drawing 2 , from a body side in order It has 3rd lens group G3 of the 1 st 
lens group G1 of right refractive power, the 2nd lens group G2 of right refractive power, and 
negative refractive power. In case a lens position state changes from a wide angle edge state to 
a tele edge state, the interval of the 1st lens group G1 and the 2nd lens group G2 increases, and 
all three lens groups move to a body side so that the interval of the 2nd lens group G2 and 3rd 
lens group G3 may decrease. 

[0013] In this invention, aperture-diaphragm S moves independently one-wise with the 2nd lens 
group, in case it is desirable to be arranged between the 1st lens group and the 3rd lens group 
and a lens position state changes. Next, the function of each lens group is explained. A dilation 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2003/11/19 




3/14 v 



ratio (that is, lateral magnification) becomes large as the 3rd lens group of negative refractive 
power expands the photographic subject image formed of the 1st lens group and the 2nd lens 
group and a lens position state changes from a wide angle edge state to a tele edge state. 

[0014] The position which passes the 3rd lens group of an axial outdoor daylight bunch by 
shortening a back focus in the state of a wide angle edge separates from an optical axis. Can 
amend shaft top aberration and the aberration outside a shaft independently, and a back focus 
follows for becoming large (that is, a lens position state changing from a wide angle edge state to 
a tele edge state). The position which passes the 3rd lens group of an axial outdoor daylight 
bunch can approach an optical axis, therefore change of the aberration outside a shaft 
accompanying variable power can be suppressed easily. 

[0015] However, since the problem of the diameter of a lens becoming large is also generated in 
order to become or to secure the predetermined amount of ambient lights that it is easy to 
produce the problem on which the shadow of the dust of the 3rd lens group which adhered on 
the lens side by the side of an image most is reflected on a film plane, if a back focus is 
extremely shortened too much in a wide angle edge state, considering as a suitable back focus is 
desirable. 

[0016] As for the 2nd lens group of right refractive power, the aperture diaphragm is arranged in 
near and the position which passes the 2nd lens group of the shaft top flux of light and an axial 
outdoor daylight bunch has few differences. Therefore, shaft top aberration is mainly amended, 
here — an aperture diaphragm - — the body side of the 2nd lens group — or when an image side 
is adjoined and it has arranged, it is desirable to make the lens side most distant from the 
aperture diaphragm into the aspheric surface In order that the axial outdoor daylight bunch which 
passes through the lens side most distant from the aperture diaphragm in this 2nd lens group 
may separate from an optical axis in a wide angle edge state, in the aspheric surface, then shaft 
top aberration and the aberration outside a shaft, this lens side can be amended independently 
and a good image formation performance is obtained [ side ] by few lens number of sheets. 

[0017] Moreover, in this invention, in order to secure sufficient back focus in a wide angle edge 
state, the 2nd lens group consists of a negative-part part group (negative-lens component which 
turned the concave surface to the body side) arranged at a body side, and a positive-part part 
group (positive-lens component which turned the convex to the image side) arranged at an 
image side. Now, as for the 1st lens group of right refractive power, it is desirable to constitute 
from a negative-part part group arranged at a body side and a positive-part part group arranged 
at an image side, thereby — refractive-power arrangement with the whole optical -system un- 

— the positive distortion aberration which tends to be generated in a wide angle edge state 
since it is symmetrical — good — an amendment — things are made Although negative 
spherical aberration can also be amended good by considering as such composition, lightweight- 
izing and simple composition-ization can be attained by constituting a negative-part part group 
and a positive-part part group from one lens especially, respectively. 

[0018] Especially in this invention, it is desirable to arrange an aperture diaphragm to the body 
side of the 2nd lens group. JP,6— 67093, A mentioned to the conventional technology setting - 

- the [ the image side of the 2nd lens group, or ], although the aperture diaphragm is arranged 
between the negative-part part groups and positive-part part groups which constitute 2 lens 
groups In the thing of this JP, 6— 67093, A The aberration outside a shaft generated in a wide angle 
edge state to an amendment sake good in the meniscus configuration where the negative lens of 
the 2nd lens group arranged most at a body side turned the convex to the body side Or it is 
considering as the shape of both concaves that turned the concave surface with loose curvature 
to the body side, and in such a configuration, the transpiration for attaining wide angle-ization 
more is weak, and sufficient back focus is not obtained. 

[0019] Therefore, when having arranged the aperture diaphragm to the body side of the 2nd lens 
group and the negative lens of the 2nd lens group arranged most at a body side turns a concave 
surface strong against a body side, generating of the aberration outside a shaft is suppressed, 
and sufficient back focus is obtained also in a wide angle edge state. In this invention, it is more 
desirable than a wide angle edge state to drive an aperture diaphragm with movement magnitude 
independent of the 2nd lens group to a tele edge state. In this case, the height which passes the 
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2nd lens group of an axial outdoor daylight bunch according to a lens position state comes to 
change, and change of the aberration outside a shaft accompanying change of a lens position 
state can be amended good. 

[0020] It is desirable to make it move so that an aperture diaphragm may separate from the 2nd 
lens group as an aperture diaphragm is arranged near the 2nd lens group in the state of a wide 
angle edge and a lens position state changes to a tele edge state especially. This is because it 
will become difficult for the axial outdoor daylight bunch which passes the 2nd lens group to 
separate from an optical axis extremely, and to perform good aberration amendment by few lens 
number of sheets if an aperture diaphragm is separated from the 2nd lens group in order that the 
flux of light with a big field angle may carry out incidence in a wide angle edge state. 

[0021] Hereafter, each conditional expression is explained. Conditional expression (1) is 
conditional expression which specifies the focal distance of the 1st lens group. When it exceeds 
the upper limit of conditional expression (1), it will become weaker about the astriction by the 
1st lens group, and shortening of the lens overall length in a tele edge will be difficult. On the 
contrary, when less than the lower limit of conditional expression (1), the astriction by the 1st 
lens group becomes strong, the axial outdoor daylight bunch which passes the 1st lens group 
separates from an optical axis in a tele edge state, and since the flux of light passes the 
periphery section of each lens which constitutes the 1st lens group, in a tele edge state, 
generating of comatic aberration to an axial outdoor daylight bunch cannot be suppressed. 

[0022] In addition, in order to attain a miniaturization more, it is desirable to set the upper limit 
of conditional expression (1) to 1.9. By the way, although shortening of a lens overall length is 
directly connected with the miniaturization of the main part of a camera, the looking-far ratio is 
known as a standard of a miniaturization. When the looking-far ratio B sets a focal distance to f 
and it sets a lens overall length to tangent line, it is the amount defined by B=tangent line/f and 
it is shown that it is so small that it is less than 1. 

[0023] In this invention, in order to obtain high performance in a tele edge state and to attain a 
miniaturization, it is desirable to satisfy conditional expression (1) and to satisfy the following 
conditional expression (5). 

(5) In order to obtain a good image formation performance also in 0.8<TLt/ft<1 and a wide angle 
edge state, it is desirable to satisfy the following conditional expression (6) simultaneously with 
conditional expression (1) and (5). 

(6) TLw/fw>1.2 conditional expression (5) is conditional expression which specifies the looking- 
far ratio in a tele edge state. 

[0024] If it exceeds the upper limit of conditional expression (5) and a looking-far ratio becomes 
large, enlargement of a lens system will be produced and it will be contrary to the main point of 
this invention. On the contrary, since the refractive-power arrangement in a tele edge state 
becomes extremely un-symmetrical when less than the lower limit of conditional expression (5), 
positive distortion aberration cannot be amended good. Conditional expression (6) is conditional 
expression which specifies the looking-far ratio in a wide angle edge state. 

[0025] Since the incident angle of the axial outdoor daylight bunch which carries out incidence 
to optical system is large in the state of a wide angle edge, it is easy to separate an axial 
outdoor daylight bunch from an optical axis, therefore is easy to generate the aberration outside 
a shaft. For this reason, in order to attain a miniaturization and highly-efficient-izing of the 
diameter of a lens, it is important to bring an axial outdoor daylight bunch close to an optical 
axis, and it is important to ease the non-symmetric property of refractive power. In a wide angle 
edge state, the 1st lens group and the 2nd lens group which have right refractive power are 
unifying, and refractive-power arrangement of the whole optical system turns into arrangement 
of positive/negative. In order to ease the non-symmetric property of refractive power, by 
arranging the lens group which has negative refractive power in the body approach of optical 
system, it is desirable to bring refractive-power arrangement close to the symmetrical type of 
negative positive/negative, and a lens overall length becomes large to a focal distance at this 
time. 

[0026] Therefore, when less than the lower limit of conditional expression (6), in a wide angle 
edge state, positive distortion aberration cannot be amended good, and highly efficient-ization 
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cannot be attained: In this invention, in order to attain miniaturization of the diameter of a lens, 
and shortening of the lens overall length in a tele edge, it is desirable to satisfy the following 
conditional expression (2). 

(2) 0.6<(TLt-TLw)/(ft-fw) <0.9 conditional expression (2) is conditional expression which 
specifies the change of a lens overall length to change of the focal distance at the time of a lens 
position state changing. 

[0027] When it exceeds the upper limit of conditional expression (2), enlargement of the lens 
overall length in shortening of the back focus in ** wide angle edge state or ** tele edge state is 
caused. ** a case — predetermined — in order to cause enlargement of the diameter of a lens 
for maintaining the amount of ambient lights, in any case, lead to enlargement of a lens system, 
and it is contrary to the intention of this application On the contrary, since the performance 
degradation according to the eccentricity of a lens group to the time of manufacture although 
the miniaturization of a lens system can be attained when less than a lower limit, since the 
refractive power of each lens group becomes strong is remarkable and a high process tolerance 
is needed, it is contrary to low-cost-ization. 

[0028] In this invention, in order to attain the miniaturization of the diameter of a lens of the 3rd 
lens group, it is desirable to satisfy the following conditional expression (3). 

(3) w> beta3 1.40 conditional expression (3) is conditional expression which specifies the 
operating scale factor of the 3rd lens group in a wide angle edge state. 

[0029] When less than the lower limit of conditional expression (3), the back focus in a wide 
angle edge state becomes short, the axial outdoor daylight bunch which passes the 3rd lens 
group will separate from an optical axis, and the diameter of a lens will be enlarged. In addition, 
when lateral-magnification beta3w in a wide angle edge state becomes large, there is an 
inclination which becomes large according to it also lateral-magnification beta3t in a tele edge 
state. The image surface transfer coefficient of the 3rd lens group in a tele edge state [0030] 
[Equation 3] 

( = /? 3 1 2 — 1 ) 

[0031] Since it increases with regards to the square of the lateral magnification of a **** 3 lens 
group, if the lateral magnification of the 3rd lens group in a wide angle edge state is raised 
maintaining a predetermined variable power ratio, the image surface transfer coefficient of the 
3rd lens group which can be set extremely will become extremely large, and the problem from 
which change (as opposed to a predetermined image surface position) of the image, surface 
position by stopping accuracy arises, and predetermined optical— character ability is not obtained 
will arise. 

[0032] It is desirable to set the upper limit of conditional expression (3) to 1.6 in this invention, 
from the above thing, for obtaining predetermined optical-character ability. By the way, it is 
known from the 1st lens group most arranged among each lens group which constitutes optical 
system at a body side in case a lens position state changes from a wide angle edge state to a 
tele edge state that the lateral magnification of the lens group arranged at an image side will 
change, and it is in the inclination for change of many aberration generated with change of a lens 
position state to become large, so that the variation of lateral magnification is large. 

[0033] Therefore, in order to attain a high variable power ratio by the few lens group, it is 
important that the change of lateral magnification according to change of a lens position state 
loses an extremely large lens group. In order to realize highly efficient-ization, maintaining a 
predetermined variable power ratio since it is fundamentally generated by change of the interval 
of ****** lens groups, as for the change of lateral magnification according to change of a lens 
position state, it is desirable to satisfy the following conditional expression (4). 

(4) 0.5<(D1 T-D1W)/(D2 W-D2T) <2 conditional expression (4) is conditional expression which 
specifies the ratio of the variation by change of the lens position state of the 2nd adjustable 
interval formed of the 1st adjustable interval and the 2nd lens group which are formed of the 1st 
lens group and the 2nd lens group, and the 3rd lens group. 

[0034] When it exceeds the upper limit of conditional expression (4), change of the lateral 
magnification of the 2nd lens group accompanying change of a lens position state becomes large, 
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and cannot amend change of the aberration outside a shaft generated in the 2nd lens group 
good. On the contrary, when less than the lower limit of conditional expression (4), change of the 
lateral magnification of the 3rd lens group accompanying change of a lens position state 
becomes large, and cannot amend change of the aberration outside a shaft generated in the 3rd 
lens group good. 

[0035] In order to attain highly efficient - ization more especially, it is desirable to set a upper 
limit to 1.85 and to set a lower limit to 0.75. In this invention, since optical system is constituted 
from few lens number of sheets, it is desirable to introduce the aspheric surface. It is desirable 
to constitute the 3rd lens group from a positive lens and a negative lens in an amendment 
effectively for the aberration outside a shaft in a wide - angle edge state, and to aspheric - 
surface-ize the lens side by the side of the body of a positive lens especially, and it is desirable 
to aspheric - surface - ize the lens side which is most distant from the aperture diaphragm of the 
2nd lens group to an amendment effectively in the shaft top aberration generated in the 2nd lens 
group and the aberration outside a shaft. 

[0036] Now, in case a photograph is taken, in order that blurring which tends to be generated 
with a high variable power zoom lens may prevent failure by image Bure of a cause according to 
another viewpoint in this invention The inside of the lens group which combines with a lens 
system the Bure detection system and driving means which detect Bure, and constitutes a lens 
system, Bure who makes the whole or its part a decentered - lens group, was made to do 
eccentricity of the one lens group, detected Bure by the Bure detection system, and was 
detected — an amendment — eccentricity of the decenteredHens group is carried out by 
driving means like, and an image is shifted — making — image Bure an amendment it is 
possible to consider as vibrationproofing optical system by things 
[003 7 ] 

[Example] Below, each example by this invention is explained. Drawing 1 shows refractive-power 
distribution of the variable power optical system by each example of this invention. In order, it is 
constituted from a body side by the 1st lens group G1 of right refractive power, the 2nd lens 
group G2 of right refractive power, and three lens groups of 3rd lens group G3 of negative 
refractive power. In case a lens position state changes from a wide angle edge state to a tele 
edge state, the interval of the 1st lens group G1 and the 2nd lens group G2 increases, and all 
lens groups move to a body side so that the interval of the 2nd lens group G2 and 3rd lens group 
G3 may decrease. 

[0038] Moreover, the aspheric surface is expressed with the following formulas in each example. 
[0039] 

[Equation 4] 

x-cy 2 / {1+ (1— /cc z y 2 ) l/2 } + C 4 y 4 t-C 6 y 6 +- 

yl cliBWL C 4> 

C 6I — 

[0040] [1st example] drawing 2 shows the lens block diagram by the 1st example of this 
invention. The 1st lens group G1 consists of a negative lens L1 1 of a meniscus configuration 
which turned the convex to the body side, and a positive lens LI 2 of a meniscus configuration 
which turned the convex to the body side. The 2nd lens group G2 consists of the negative 
lenses L21 and biconvex lenses L22 of a meniscus configuration which turned the concave 
surface to the body side, and 3rd lens group G3 consists of a positive lens L31 of a meniscus 
configuration which turned the convex to the image side, and a negative lens L32 of a meniscus 
configuration which turned the concave surface to the body side. Aperture-diaphragm S moves 
in one with the 2nd lens group G2, in case it is arranged at the body side of a negative lens L21 
and a lens position state changes. 

[0041] In the 1st example, a short-distance focus can be performed by moving the 2nd lens 
group G2 in the direction of an optical axis. The value of the item of the 1st example in this 
invention is hung up over following Tables 1 - 5. A focal distance and FNO express the f number, f 
in the item table of an example expresses 2omega of field angles, and a refractive index is a 
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value over d line (lambda= 587. 6nm). 



[0042] 
[Table 1] 



f 


30. 90 


— 57. 01 — 


78.11 


FN0 


4.38 


~ 7. 29 ~ 


9.35 


2 co 


67.26 


~ 40. 24 ~ 


30.24° 




ffiWS 








1 


19. 6599 


1.000 


1. 84666 


23.83 


2 


15. 2372 


1.000, 


1.0 




3 


13. 1462 


2.500 


1. 51680 


64.20 


4 


34. 8791 


(D4) 


1.0 




5 


0. 0000 


2.500 


1.0 


(§inj&D) 


6 


-6. 7673 


1.625 


1. 83500 


42. 97 


7 


-8. 5917 


0.250 


1.0 




8 


119. 2871 


4.375 


1. 51680 


64.20 


9 


-10. 8925 


(D9) 


1.0 




10 


-31.2500 


2.500 


1.68893 


31.16 


11 


-26. 0457 


2.875 


1.0 




12 


-11.8149 


1.250 


1. 79668 


45.37 


13 


-78. 6331 


(Bf) 


1.0 





The 9th page and the 10th page are the aspheric surfaces, and an aspheric surface coefficient is 
as being shown below. 

[0043] 

[Table 2] 

im 9®] 

K—\. 0000 

C 4 =+l. 13475x 10“ 4 
C 8 =-5.28843x10“ 7 
C 8 =+1.63890xlO“ 8 
C , 0 =-2. 67187x10“ ' ' 
im io@] 

k = 1 - 0000 

C 4 =+7.42810xl0“ 5 
C 6 = +5.21535 xl0“ 8 
C 8 =-9.40908x10“'° 

C ! (, =+2.05393x 10“ 1 1 

[0044] 

[Table 3] 

[Adjustable interval table] 

f 30.9009 57.0144 78.1125D4 2.8545 9.3372 12.7996D9 9.8589 4.0023 1.8750Bf 7.9227 27.4954 
42.0802 [0045] 

[Table 4] 

[Movement magnitude delta 2 of o’clock of the photography scale-factor-1 /30 time 2nd lens 
group G2] 

f 30.9009 57.0144 78.1 125D0 929.3189 1704.9695 2333.0302delta2 0.5098 0.3329 0.2706 (in 
addition, movement magnitude by the side of a body is made positive) 

[0046] 

[Table 5] 
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i <t 



f 1 =+73.1582 
/? 3w= 1.478 

(1) f l/(fw-ft) l/2 =l* 489 

(2) (TL t -T Lw) / (f t ~ f w) - 0 . 765 
( 3 ) 0 3w= 1 . 4 7 8 

(4) (D 1T-D 1W)/(D 2W— D 2T)= 1 . 2 4 6 
( 5 ) T L t/f t = 0 . 9 8 1 
( 6 ) T Lw/f w= 1.311 

[0047] Drawing 3 or drawing 8 shows many aberration views of the 1st example of this invention, 
drawing 3 or draw ing 5 expresses many aberration views in a wide angle edge, a middle focal 
distance state, and the infinite distance focus state in a tele edge, respectively, and drawing _6 or 
drawing 8 expresses many aberration views in a wide angle edge, a middle focal distance state, 
and the photography scale-factor-1 /30 time state in a tele edge, respectively. In each 
aberration view of drawing 3 or drawing 8 , the solid line in a spherical— aberration view shows 
spherical aberration, a dotted line shows sign condition, y shows image quantity, the solid line in 
an astigmatic view shows the sagittal image surface, and a dashed line shows a meridional image 
surface, a comatic-aberration view — the image quantity y= 0, 5.4, 10.8, and 15. — expressing 
the comatic aberration of 12 and 21.6, A expresses an incident angle and H expresses body 

quantity . 

[0048] It is clear from each aberration view this example’s to have the image formation 
performance which many aberration was amended good and was excellent. 

[2nd example] drawing 9 shows the lens block diagram by the 2nd example of this invention. The 
1st lens group G1 consists of junction positive lenses LI of the negative lens of a meniscus 
configuration which turned the convex to the body side, and the positive lens of a meniscus 
configuration which turned the convex to the body side. The 2nd lens group G2 consists of the 
negative lenses L21 and biconvex lenses L22 of a meniscus configuration which turned the 
concave surface to the body side, and 3rd lens group G3 consists of a positive lens L31 of a 
meniscus configuration which turned the convex to the image side, and a negative lens L32 of a 
meniscus configuration which turned the concave surface to the body side. In case it is arranged 
at the body side of a negative lens L21 and a lens position state changes, aperture-diaphragm S 
reaches 1st lens group G1, and moves apart from the 2nd lens group G2. 

[0049] In this 2nd example, a short-distance focus can be performed by moving the 2nd lens 
group G2 in the direction of an optical axis. The value of the item of the 2nd example in this 
invention is hung up over following Tables 6-10. A focal distance and FNO express the f number, 
f in the item table of an example expresses 2omega of field angles, and a refractive index is a 
value over d line (lambda= 587. 6nm). 

[0050] 

[Table 6] 
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f 


32.18 


— 52.40 — 


82.48 


FNO 


4.58 


~ 6. 69 ~ 


9.56 


2 0) 


64.38 


— 43. 38 — 


28.78° 






®nss 


JSlffSS 




1 


17. 3882 


1.375 


1. 84666 


23.83 


2 


14.2536 


3.750 


1. 48749 


70.45 


3 


31.8383 


(D3) 


1.0 




4 


0.0000 


(D4) 


1.0 1 




5 


-8.4420 


1.250 


1. 80420 


46. 51 


6 


-12. 5107 


1.250 


1.0 




7 


41. 3109 


3.750 


1. 51680 


64.20 


8 


-10. 3111 


(D8) 


1.0 




9 


-31. 2500 


2.500 


1. 68893 


31.16 


10 


-22.8590 


3.000 


1.0 




11 


-11. 5072 


1.500 


1.76684 


46.80 


12 - 


-106.4021 


(Bf) 


1.0 





An octavus side and the 9th page are the aspheric surfaces, and an aspheric surface coefficient 
is as being shown below. 

[0051] 

[Table 7] 

im 8 ®] 

/c =1.0000 

C 4 = +l. 40810 xl0“ 4 
C 6 =+8.76052x10“ 7 
C 8 =-2.45514X10“* 

C l0 =+4.74648x10“ 1 0 

[SB9B] 

K = 1.0000 

C 4 =+6.86490xl0“ 5 
C 6 =+2.71725x 10“ 7 
C 8 =-4.81737xl0“ 9 
C lo =+4.10814xl0“' ' 

[0052] 

[Table 8] 

[Adjustable interval table] 

f 32.1810 52.4033 82.4846D3 2.1250 10.7122 17.2421D4 2.2295 2.5000 2.5000D8 10.2339 5.2523 
1.8750Bf 7.8722 21.7151 41.2521 [0053] 

[Table 9] 

[Movement magnitude delta 2 of o’clock of the photography scale-factor-1 /30 time 2nd lens 
group G2] 

f 32.1810 52.4033 82.4846D0 970.0358 1565.6369 2458,021 2delta2 0.5363 0.4040 0.3030 (in 
addition, movement magnitude by the side of a body is made positive) 

[0054] 

[Table 10] 
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f 1 =+94.4053 
£ 3w= 1.4507 



(1) 


f 1/ (f 




= 1 . 


8 


3 2 


(2) 


(TLt- 


\ 

S 

E- 


f t - 


f 


w) = 0 . 8 0 3 


(3) 


0 3w= 1 . 


4 5 1 








(4) 


(D IT— D 


1W)/(D 2W — 


D 2T) 


= 


1.809 


(5) 


T Lt/f 


t = 0 . 9 8 


5 






(6) 


T Lw/f 


w — 1 . 2 6 


9 







[0055] Drawing 10 or drawing 15 shows many aberration views of the 2nd example of this 
invention, drawing 10 or drawing 1 2 expresses many aberration views in a wide angle edge, a 
middle focal distance state, and the infinite distance focus state in a tele edge, respectively, and 
drawing 13 or drawing 1 5 expresses many aberration views in a wide angle edge, a middle focal 
distance state, and the photography scale-factor-1 /30 time state in a tele edge, respectively. In 
each aberration view of drawing 10 or drawing 1 5 , the solid line in a spherical-aberration view 
shows spherical aberration, a dotted line shows sign condition, y shows image quantity, the solid 
line in an astigmatic view shows the sagittal image surface, and a dashed line shows a meridional 
image surface, a comatic-aberration view — the image quantity y= 0, 5.4, 10.8, and 15. 
expressing the comatic aberration of 12 and 21.6, A expresses an incident angle and H expresses 
body quantity 

[0056] It is clear from each aberration view this example's to have the image formation 
performance which many aberration was amended good and was excellent. 

[3rd example] drawing 16 shows the lens block diagram by the 3rd example of this invention. The 
1st lens group G1 consists of a negative lens L1 1 of a meniscus configuration which turned the 
concave surface to the body side, and a positive lens LI 2 of both the convex configuration. The 
2nd lens group G2 consists of the negative lenses L21 of a meniscus configuration and the 
positive lenses L22 of both the convex configuration which turned the concave surface to the 
body side, and 3rd lens group G3 consists of a positive lens L31 of a meniscus configuration 
which turned the convex to the image side, and a negative lens L32 of a meniscus configuration 
which turned the concave surface to the body side. An aperture diaphragm moves in one with 
the 2nd lens group G2, in case it is arranged at the body side of a negative lens L21 and a lens 
position state changes. . 

[0057] In the 3rd example, a short-distance focus can be performed by moving the 2nd lens 
group G2 in the direction of an optical axis. The value of the item of the 3rd example in this 
invention is hung up over following Tables 11-15. A focal distance and FNO express the f 
number, f in the item table of an example expresses 2omega of field angles, and a refractive 
index is a value over d line (lambda= 587. 6nm). 

[0058] 

[Table 11] 
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f 


30. 90 


■ — '■ 55. 94 ~ 


78.75 


FNO 


4.34 


~ 7.22 ~ 


9.34 


2 co 


67.42 


~ 41. 06 ~ 


30.04" 










1 


-31.0540 


1.000 


1. 84666 


23. 83 


2 ■ 


-139. 8968 


0.375 


1.0 




3 


21. 7397 


2.500 


1.48749 


70.45 


4 


-52.9497 


(D4) 


1.0 




5 


0.0000 


2.500 


1.0 (BBPiKD) 


6 


-8. 5930 


1.625 


1. 80420 


46. 51 


7 


-12. 3730 


0.250 


1.0 




8 


126. 5221 


4.375 


1. 51680 


64.20 


9 


-10.6761 


(D9) 


1.0 




10 


-31. 2500 


2.375 


1.68893 


31. 16 


11 


-27.2213 


3.125 


1.0 




12 


-11.8908 


1.250 


1.76684 


46.80 


13 - 


-231.6048 


(Bf) 


1.0 





The 9th page and the 10th page are the aspheric surfaces, and an aspheric surface coefficient is 
as being shown below. 

[0059] 

[Table 12] 

[*9Bf] 

k — 1 . 0000 

C 4 =+l. 24560 X10- 4 
C 6 =-1.12260x10"* 

C 8 =+7.08167x 10 _R 
C 10 =-1 -34486 xlO" 3 

[iioffl] 

/c =1.0000 

C 4 =+6.79153 x 10~ 3 
C B =-2.92853 x 10“ 7 
C 8 =+7.08167xl0" 9 
C 10 =-6. 67544X 10"' 2 

[0060] 

[Table 13] 

[Adjustable interval table] 

f 30.9003 55.9441 78.7499D4 2.2500 7.0157 1 0.7871 D9 10.9892 4.5518 1.8750Bf 7.8438 28.1679 
44.5921 [0061] 

[Table 14] 

[Movement magnitude delta 2 of o’clock of the photography scale-factor-1 /30 time 2nd lens 
group G2] 

f 30.9003 55.9441 78.7499D0 929.9937 1676.3029 2355.8007delta2 0.5657 0.3660 0.2974 (in 
addition, movement magnitude by the side of a body is made positive) 

[0062] 

[Table 15] 
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V 



f 1 =+58.1194 
0 3w= 1.4448 

(1) f 1/ (fw ft) ' n = 1 . 1 V 8 

(2) (TLt-TLw) / (f t-fw) =0.756 
( 3 ) 0 3w= 1.445 

(4) (D 1T-D 1W)/(D 2W-D 2T)=0. 93 7 
( 5 ) T Lt/f t = 0 . 9 7 3 
(6) T Lw/ f w= 1 . 309 

[0063] Drawing 17 or drawing 22 shows many aberration views of the 3rd example of this 
invention, drawing 1 7 or drawing 1 9 expresses many aberration views in a wide angle edge, a 
middle focal distance state, and the infinite distance focus state in a tele edge, respectively, and 
drawing 20 or drawing 22 expresses many aberration views in a wide angle edge, a middle focal 
distance state, and the photography scale-factor-1/30 time state in a tele edge, respectively. In . 
each aberration view of drawing 17 or drawing 22 , the solid line in a spherical-aberration view 
shows spherical aberration, a dotted line shows sign condition, y shows image quantity, the solid 
line in an astigmatic view shows the sagittal image surface, and a dashed line shows^a meridional 
image surface, a comatic-aberration view — the image quantity y= 0, 5.4, 10.8, and 15. 
expressing the comatic aberration of 12 and 21.6, A expresses an incident angle and H expresses 
body quantity 

[0064] It is clear from each aberration view this example’s to have the image formation 
performance which many aberration was amended good and was excellent. 

[4th example] drawing 23 shows the lens block diagram by the 4th example of this invention. The 
1st lens group G1 consists of a both concave-like negative lens L11 and a positive lens LI 2 of 
both the convex configuration. The 2nd lens group G2 consists of a negative lens L21 of a 
meniscus configuration which turned the concave surface to the body side, and a positive lens 
L22 of a meniscus configuration which turned the convex to the image side. 3rd lens group G3 
consists of a positive lens L31 of a meniscus configuration which turned the convex to the image 
side, and a negative lens L32 of a meniscus configuration which turned' the concave surface to 
the body side. Aperture-diaphragm S moves in one with the 2nd lens group G2, in case it is 
arranged at the body side of a negative lens L21 and a lens position state changes. 

[0065] In the 4th example, a short-distance focus can be performed by moving the 2nd lens 
group G2 in the direction of an optical axis. The value of the item of the 4th example in this 
invention is hung up over following Tables 16—20. A focal distance and FNO express the f 
number, f in the item table of an example expresses 2omega of field angles, and a refractive 
index is a value over d line (lambda= 587. 6nm). 

[0066] 

[Table 16] 
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f 


30.90 


~ 56.02 ~ 


78.75 


FN0 


4. 43 


~ 7. 24 ~ 


9.32 


2 co 


67. 06 


~ 40. 68 ~ 


29.84° 






HMBS SlftS* 




1 • 


-124. 1213 


1.000 


1. 75520 


27. 53 


2 


98. 5796 


0.375 


1.0 




3 


19. 9046 


1.750 


1. 58913 


61.24 


4 ■ 


-547.4991 


(D4) 


1.0 




5 


0.0000 


2.500 


1.0 


(SPilfcD) 


6 


-8.0380 


1.625 


1.80454 


39. 61 


7 


-11.0146 


0.250 


1.0 




8 ■ 


-136. 1576 


5.000 


1. 62041 


60. 35 


9 


-11. 4675 


(D9) 


1.0 




10 


-31.2500 


2.375 


1. 68893 


31.16 


11 


-25.8365 


2.750 


1.0 




12 


-12. 7789 


1.250 


1. 79668 


45. 37 


13 


-121. 1517 


(Bf) 


1.0 





The 9th page and the 1 0th page are the aspheric surfaces, and an aspheric surface coefficient is 
as being shown below. 

[0067] 

[Table 17] 

[IS 9®] 
tc =0.8171 

C 4 = +8.06707 xlO " 5 
C s = - 1 . 10605 xlO " 6 
C 8 =+4.83834X10-" 

C , 0 =-7.38936xlO-'° 

i o®] 

K =0.0090 

C ,j =+6.20237x 10 -5 
C 6 =-1.16831X 10-’ 

C 8 =+7.67159x 10-'° 

C , 0 =+3.95016 x 10“ 1 2 

[0068] 

[Table 18] 

[Adjustable interval table] 

f 30.9001 56.0238 78.7484D4 1.7500 7.2672 11.0000D9 11.5327 5.3356 2.7500Bf 7.9525 27.3167 
43.0421 [0069] 

[Table 19] 

[Movement magnitude delta 2 of o’clock of the photography scale-factor- 1/30 time 2nd lens 
group G2] 

f 30.9001 56.0238 78.7484D0 930.2685 1677.8917 2354.6307delta2 0.5504 0.3660 0.2988 (in 
addition, movement magnitude by the side of a body is made positive) 

[0070] 

[Table 20] 
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[SfeffSWJ©*] 
f 1 =+58.3170 
0 3w=1.4615 

(1) f 1/ (fw - It) 1/2 = 1.206 

(2) (TLt-TLw) / (f t-fw) =0. 743 
( 3 ) 0 3w= 1.462 

(4) (D 1T-D 1W)/(D 2W-D 2T)= 1 . 053 

(5) TLt/f t = 0. 9 6 1 

(6) TLw/fw=l. 298 

[0071] Drawing 24 or drawing 29 shows many aberration views of the 4th example of this 
invention, drawing 24 or drawing 26 expresses many aberration views in a wide angle edge, a 
middle focal distance state, and the infinite distance focus state in a tele edge, respectively, and 
drawing 27 or drawing 29 expresses many aberration views in a wide angle edge, a middle focal 
distance state, and the photography scale-factor-1 /30 time state in a tele edge, respectively. In 
each aberration view of drawing 24 or drawing 29 , the solid line in a spherical-aberration view 
shows spherical aberration, a dotted line shows sign condition, y shows image quantity, the solid 
line in an astigmatic view shows the sagittal image surface, and a dashed line shows a meridional 
image surface, a comatic-aberration view — the image quantity y= 0, 5.4, 10.8, ana 15. - 
expressing the comatic aberration of 12 and 21.6, A expresses an incident angle and H expresses 

body quantity , . 

[0072] It is clear from each aberration view this examples to have the image formation 
performance which many aberration was amended good and was excellent. 

[0073] . . 

[Effect of the Invention] According to this invention, the small variable power optical system in 

which a raise in variable power is possible is realizable. 



[Translation done.] 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



2003/11/19 




( 19 ) (JP) 



< 12 > & HI 4# 1^ ^ ^ 



(ll) 1 $Sfai?&B#^ 



#^¥ 10-90600 

( 43 ) a ( 1998 ) 4 ft 10 B 



( 51 )IntCl . 6 WMfB 4 » F I 

G 0 2 B 15/20 G 0 2 B 15/20 

13/18 13/18 



( 21 ) m®## 

( 22 ) m®B 



m&mx »««©»: 9 ol (± 21 m> 



^¥8 - 241472 ( 71 )fcB®A 

¥f£ 8 *f( 1996 ) 9 /! 12 B 

( 72 ) 

mmmm 



000004112 

3 T§ 2 # 3 ^ 

*«r Si: 

*«®=P^BeK3tL©rt3Tg2#3^ Me 

/.ns mm 

3f0^^ftfflKA©rt3Tg2#3^ Me 
>F *3 



( 54 ) 

(57) [££|] 

[«IH] KfcWabfca:«3fc 4 J ft *«:«tt 

"t'-So 

[«%¥»] voftwx'om^ jEmiffjj&irrzmi 
u-yXiGl, jEJB#f*«:M-r5J(5 2 U>X^G 2*Ji 
U*AJB#f*«r^-r5JB3 1/yXfG 3 lei 9#?Jf& £ *u 

<o aarsBtt«*-euvxffi*«i»a**'fb-f 

SBfcl, itulESSl uvX»iU#|EKS2 U'VXWirolKIIH 
tfJiiAU iulEjg 2 u>-XS¥i:MfE® 3 i/yXSt©l 

Rs^^-rs <t ? 1-, -r^xco 

U SulEfg2 uvXp(i%iffliJ^tMIffiSr|6](tfc^u>'X 
£ IMB-iQ ffi £ (p)tt fclE u V Xf&fttc (t £ 

<OT 2 fo 5 . 





( 2 ) 



#55¥l 0-9 0 6 0 0 



[^fFSt^«4SH] 

[imssi] vo&mz. 9jwm, jEJS#fAS:^ri _ 5ii5i ^ 

yXSf, IEJS#rXj&:fr-r5S?2 uy-'XSMs 

3 yyXii:± 

9 i»StItt*yyXttt«l^fftt 
sggm, huiessi u>xmtmmm2u>'xmt(Dmm 

asfSXU, milE^2 v^xptmj|E^3 yyXfftron 
i 5 m, yyXSiSfeftil^f i 

UT, 

ItulEfS2 

i: ^.iHI — -lEb ffi & Ir] tt fc® W > Xj&#X£ ft X?*^ $ *U 

aTo^ttS (1) 

[Si ] 

(1) 0. 9<f 1/ (fw ft) l/2 < 2 . 0 

flU 

f i : Hula® i uy"XH<x>^^.gflii 

fw: 

£A£is 

T * fo - 5 o 

[ft*3g2] rnIIE^2 w-vxptcpauxias^ixfcp 
R *9 £r cf ?3 m^T U> 

u y'X^s^^^s^f b-r -5 ^tm, Buteis p &. v liMiafg 

1 fE«<0^7t^5S„ 

[Sflj£JS3] HUIEII2 u>'X3$m®i--'>'X®® 5t>, lu 
fEMn&£9;mUt>-a>£ i/>-X®W:^iJc 

® T* ifc 3 U £ £r £ f 5 fit ^ 2 IE* ® 

[lfjft3S4] iulEUP&J'S It, iulE^l 1/XXPiButS 
^ 2 yyXSt cofs!(c:iES$ft^> u t 
m 2 £ fete 3 lE*®*mt6#3U, 

[IS^:^5] sfifE^i ui/XffiMi, A i/yx^tt© 
miES $ ti Z> IE ^ X X/fcfrtc ft X?**; $ n & r £ % 
wm t -t Sit l £ tcit 4 

[fi^3S6] £TF®^#it (2) 
t -T £ If j& JS 1 ;£ fc it 5 fEfc^fS^^o 

(2) 0. 6 < (TLt-TLw) / (f t-fw) < 
0. 9 

{ au, 

TL t : M3aS^(-13lt2)^XX^;S 
TLw :KfiattiCl3lt5yvXiS 
X?&>-5„ 

[l*3fc*7] (3) Sr 

t -r 519^^ 6 fE*®*m9fc^?(U 

(3) 0 3w>l. 4 0 i 

mu, 

0 3w : jktlS^fimtSft SmjfEfg 3 l/^xs^co^tm^ 

■efc-5 



[n^8] buieu i u^xmtmmm2 u^xmt<D 
PsUmiEg£*x£HSP&f 9 £:£ iblc^fru 

v yyxet^ii^fct 

sic, ti^2 

tfrv&M-rz - £ z^mt-rzi i 

?^'o 

[1*^9] WT®35#5£ (4) 
i: f -5 St 1 ^ fcft 8 

(4) 0. 5 < (D1T— D1W)/ (D2W— D2T) < 2 

mu, 

d it : a^s^mfc-mstfifE^i i ^yxsrotot 

t)HulEfS2 u-^XS^coto t t^fWBJ®® 

Dlff : J!£^*^mfc(t 5HfI|EBl l/>Xi¥®t>oi: 

tfgifsf®® J: t>fufEgt2 i^Xi¥®t>oi 

D2T : M»S^mfclt5tufEB2 yyXffffltoi: 

tfgifal®® <fc t) i!ufES§3 uyX^(Dtoi -b^friliJ®® 
4W*ttl:ftofcg^ 

D2W : yyXfoto £: 

t>-Mi®ffit *3 iulElfi 3 l^i/Xf¥<X)<bo i fc^&flJ®® 
S "Ccojtlflmfo o fcS $ 

-efe5„ 

[0 0 0 1 ] 

[%^<x>Mi--5KW^-S] :£3§9mt, 4'Sotf)fe^ 
CiU, #mm^4S^«im43V^T6 

mffi-r s tits, 

[0 0 0 2] 

[^Jfcco&fl?] Safi® i^xXiy^ -> x— 9m®# 
X-AyyXii-MtiU ^ 
mjt^ 2flSrSXSMfSX- i»i/VX5:flXfcXX 9 
JSfli/iOoofcS, ^5fet>3, iw^XSili^ 
X3£ £ xtHtJ&£ fi5 2 m*— t'VXiS^p f>tfCV'5o 
~ ® 2^X— AUVX-eit, aumtfcSriijfe £ 5 ‘ii“5 
t, 

(^«]E-t5Uir^llU< ^C-SPbIM^, fc5V'(4, 

sgH^§<bfiv'4X®) styyXfiifi^ffttsi 

®#is*^xt < 4cot, 

P.SM^igCLo-C U^o-CV'fco 
[0 0 0 3] #i¥X— 2^WVX(4, 3-oHJ;ffl"J 

Sb^xx^5r^ru-Ct5^, 
-e^u>-XS¥®^ii)-t-5^S!)t<iW (X— Agtiit) 
©liSMtsfc*, ux^iiE-h® s ss^fiinu, 

yyxfitti©fftt#3 

uav\ 

[0 0 0 4] u^^uai^t,, t£5l iffl^iX— AyyXf 




(3) 



10-90600 



12, 

&mi~!&§ g&hziztb. #u-^Xs¥icjoV'-c^:tti^-hro 
u-yXSr Mil, i£oT, "Tib u^XpcoliADKi^ 
V', X— A i/yX4«^t5 uvXfttiSfitt Lt 
?„ L^Xtft^&asiiXSfSiX' ftV'TS 

XX 7Xf£ftS£i&i$rtLfc^©ff^;S s Xt < * 

[0 0 0 5] U>-X#;3&;a?^ft: 

<, JLo/hM-fl2«-®LfcX— Al/yXi LT, JEIEA3 
Xd^^abtirv'S. rco2 o ftlEjEA 
COX — Al^yXi LTt2, #l;tfi, !Sl¥6-6 7 0 9 

3 - 5§-<kf&-^, #ffl¥6-2 3 0 2 8 4tm fcSV'W: 

®i¥8- 10 13 4 1 $ 

T, uyXv't y 9t±*Mftt'©A-e— BR^7 

X X 7 KUfc^T^iV * fc/hffl • «*-<?*> SKifjJMftt 
(c'Stvrv'So $?)icuyxv+y?“iS:#^7ii> it 
^U^XtfSXX ^Xffi—'teT'fcSfctf), itI£w->'Xco 
/hSib^m-S w £;a s XX ^Xtew/J'SHb • SJtffclwOft 
;d 5 S 0 

[0 0 0 6] £fc, uyX'>t'^-Si>7fl®W 
u^Xii, 5fci&FBB#©#£iiftt£iiS«>S;fcJ&{;i, 
X«:XX.?*ttrtfctt*fr*SBIlc, i^5i/VXSI^± 
©rafi|iS*/jNi:*S <£ 5> *^flgt?l&i!rtU-CV'5 0 — flStfj 
K, X— AU^XtcjoV'Ttt, 

-rSHA^SUv #*te#SEfflKk«r*5l-e#.S3»*, 
r. <D 1 1 (C( 2 MiSSS^(- 2 J(t 5 
SKMLTX# < * b , XX 5©/hSMfc«r0S r £ a*T? 
#fcv\, i£oT, /J'M-CJ.o^lfc^iSV'^3t^^Sr 
SASH'S Kf2, J:9Jfca*«:^lB*-S;i£tfSS;h,fc. 
[0 0 0 7] 

[»W****UJ:5i:-rSBWH] L*»L*a*6, -h^L 

tz%fM¥- 6-6 7 0 9 3 -5§-£;$6, ^pSS^F 6-2 3 0 2 8 

4- 5§-<k#, <f#M*F8- 10 13 4 1 -!§-<&# l^^HS 
^ojElftsi^^/roX-AwyXm £■%%&'$: 
flj|(;i:}oV''C$|fiXl-X3K^ 5 iS 3 UV Xi¥(^-ia 12 S XWl/i* 
/<C*9ffittfc{4@^ailLT2Ji9, i <9 fcnm&&1£lsZi 

?£-rs£. '<■???*— 

^jMUVX^riS^^lcX# < X2o-Cb^V\ U^Xjfc© 
/M^b^ tattft v ' hub a «* fc 5 . 

[0 0 0 8] Maufca9, XX 

5- tT*, u>'X^©/hSfls2SflTISX?&>J, 0r^©^igifc 

**6«r L*a* e>, 

^-tirSXas i£3?© 

jEj&S 3 8¥X 'f X-miS^iSSr^ligx?# *v\ BP^2S/S 

X^W/hMib^^+^T'foo/t. 

[0009] C © 2 ? 6 - 6 7 0 9 3 -5§-^$S, 

#i?6 - 2 3 0 2 8 4-5§-^$g, i#IH^8 - 10 13 4 
1 ^$a©Rh,>baS, ^*VX Ui/X«J*|k»-C flS^fgib 



*i(t»L*as ib/J'Mifci: S5*fgib£ (0p*ib^Bil7co 
/Co * 3 SMC|»I 4 , 'hmitt 

«=»x hibtcSLXc^f&^^^iitt-rs^ir-efo^o 
[0 0 10] 

I!W«:i!Bfct5fc»Ofa] 3MSWKl*»*»«asffiF3t^ 

*«:, jElSr^Srft^SlwyX 

W, 3 EfflWX£^XS|g 2 LVXi¥:fc'it/ASifiX&^ 
XS®3 u^X?£};:2 9«J5£$ix, j£2Siiffi«ffi£ >?Sit 
»«l»*T?u>'X{fe*«l»i**fls-r‘5*fc. StriBSSiu 

^X»t«nE*2 UVX»fcOlBBI#tl**U WlEj&2 
uxX^tStF|E^3 uvX»i©|H]|Wi**il>-r5 i 5 
Id, ^T©U>^*W#tt#:«^iflU BtrfS^2UV 
£• Hint it ■% u xXsK^ t {gtfl!l~ A® 

(1) £(C2 0 @lft©afifc£rl3S £>©-?& 

So 

[0011] 

[»2] 

(1) 0. 9<f 1/ (fw ■ ft) l/2 < 2 . 0 

[0012] 

mm < vmm < DMM ] *f\ * 38 WK:i&»J&»S*ffiF 3 M** 
ro«^^oVNTm?g-rS„ *»Wfc*»*»**«3t4t* 
(2, 09*.H®2K:j5*-f*n< , 4Mttft£ •? flUid, lEaifrX 
©II i^xXiGl, jElJr*©S2i/VX»G2*5J: 
TXftffiifrXcDg? 3 W^XI¥G 3 SrWU iSASSifcm: 9 

SEtWttiBs-Ty^vxtta^tt^aE-ffci-sistfc, *iu 
^X»Gli:JB2U>XWG2i:©IWPHd*lt*U f2 
1/XXSG2 t^3 wyXSG3 i:<oPBlPld5®^-t-S J: 
5i£, 3 oouyXSt^ti^M^tttS tot 
fcSo 

[ o o i 3 ] into sii®i uvx 

mtm 3 wyX#i©p|icEf$i45GiiSiftL<, 

t> L< l fei-. #w^Xpco^tg 

teoV'-CttBB-rs. ^®5f*<75^3 I/XXSI2, ill' 

^XWi|R2 i^yXiiCJ; 

xl, uyxttt^ia: 

^-fb-fSictSV', tex^ (o4>9^|{^^) ^X# < & 

So 

[0 0 14] iS^^^figt‘f2, 

t5itb± 9 3 u^xaf^aaxsiie 

$4XJ(XM t i £r<ffi:£ (^ifilE 

-C#, ^7^7*- X7^.dSXt < &S (oSOiSAffltt 
tt*»e>aa«wfciiB^iV'^xtt*tt*a*aEfl;i-s) icise 
v', ifcsi-xjs:©^ 3 uvxsf^raaxs-Kffl^xifttcia 
-s# , i£oT, 
s-<bd 5 -e#So 

[0 0 15] fiL l£ASa^flSI!:*iV'r^y^7^ — X7 
Ltf5t< IS 3 U>XS¥co®t^{B!]co 
i^vx®j;i;#f LX x $ ^ t) a 




(4) 



#§|SP1 0-9 0 6 0 0 



A&mi%-tz>\a-Z' uyxi«f<*otitpfo 
ma bmtt-r ztctb, &'< •y?7*—$xt'rz>z. 

b & MS uv\ 

[ 0 0 1 6 ] 3EJSJJrAcDjj?2 uxXtm, Ho»oa*iE 
< tcifl® £* 1 X 7*5 >A 2 u-vX 

^ttjESrfToTV'So ^77T\ iPt!5S:i2wyXp 
<7>^{WA *>SV'tti(H)IIU:Bi*L-CE*Lfti»^, IB 

p iK <9 ?> * i> mmt u vxffi^^si £ -r s c t &m 

J LV\ Z.<Df&2 t>86 

ttfc u v x® is m-r s t- *s v v -c 

3tetta»e>«. *tsfc&A icDuvxffiSr^st-mf^ 

4>ftV'U-xX 

[0 0 17] Sfc, 

\t'X+&tZ'<y?7*— #x£56«-r3fc«>t;U ^2U 
vXW«r*#fl^eil£)fc5Att£» (fe^lil— MfflSr 
®ftfcA^xXj&»-) iifc«fcE*SixSjEa5^» (it 
ffld^iQiBSrlRj^ytEU'VX^) i-e«fi£b-CV'3 0 $ 

-c, iE®ift?)<n%si U7xmz. &#«£** sns a 
w#» t &w ices i b tm 

S bv\ rtuci t> „ 

SftJtXMSrSJH-MlE-rs rims, rcD£5*#i 
^tt5rtCi9, A©#ffittSefcft#lJ:#:Enr«-e 
fcSas, 

yxr*«M5 riiao, 

§ o 

[0 0 18] A^i-feV'TW:, ttiP«05rl2 U- 
XX^OT^ffcilUJiClHg-rS rtiSIt LV\ ^StWi- 
^(ffd«FlB¥6 - 6 7 0 9 3#45t#fc:joV'-tHU I2U 
fc^V'iil2i/yxgsMt5tSli 
5J-PtjE«P4>»i:<OiaiKIBPiR?) £E®UTV'S3S, d 
<£>#|fi¥ 6 - 6 7 0 9 3-§-^&<£>>b<Z>-m. A^SS^f® 

2 l/yXSc^oi fc&#W-SBB£*b5:ft^>'XaS!& 
[$:{aitCfa®SrlplWfc^=xX7X^^fc5V'tt. ^ffcWI 

L-Cfc't). icoi 

5 iOJfcAfcfcHSfcfcofcttflUliasiS 

<A +#ftXy 7 7*— #X3S#£>*b&V\, 

[0 0 19] 3£o-C\ IS P/& 9 3:^2 U'XXPoo^i^'filJ 

(cgas-rtui. M2.wvxs¥ot.o i 

X 5> *A i££ tc.doV'T’fe) +#* A y 
7 7*—jJ7.tmbfrZ> . 

J: 9aii*«tt*-CHiOtt')SrJ|5 2 u>x«tr±a*© 
^■g)i7?igsi)-rsr lv\ :©i^, i/yXfi 

w&MK&vMiKytj&n'mz uT-xmz&m-i-zmzfr 

^rTSi 5 uxXtea^<o^lbt-#5tt 



[0 0 2 0] #(A iSftiH«*-CH:BlRiR5isai2U^ 
XS^ieigtcIBfi^iv 

9M£t& tct£v\ Wntt*)a**2U^XWd»e»IKirSJ: 
5 Cfl$# 5 Ii;i 5 ittP« i*Ui, 
*3V^-rii®^(OX^^7feS:^AM-rSfcfe, PBp^O St 

I2^x»i>e,itt. ®2 wxxssraia-rsw^- 

3t^®Sgfc3tWd»f5f*tiTU^V', ^^v'PxX^fc 
-CA»*JlZ^*ESrfT5 
[0 0 2 1] gllA #^fe#S:fcoV'-ClftW'f5. 

(l) tt, |gi uvX^rojjRjftffiittSrSSrs^iC-C 
&s„ (i) ©±[SfltSrJi0ofc»^, mwy 

X#fc±3i[R#cf|sfl3i&S33* 9 , uxX^ 

S©M*ifbfl s ffl®i*oTL1: 5. i£tA :£#:£ (1) 
<7?TPSffi^T®ofc^-a-. i^yxfia5«ffl 
Hi v-xXp?riiiii-t-5tt^*:^M3*5S^ 
^{c*3V'-c^W^t>gttfCx 

uxXro«igfcS53r3tSt^ilili-t-5fc«). SftiiiRffitc** 

[0 0 2 2 ] * 4 S, ± 9 /J'SMfc&BSlcH:, -£# 5 £ 

(1) OAhRBttSrl. 9it5i^a*U'. 

-c% 1/yXiftogfflktt*^ ^A^w/hM-fbl-ilL^ 
t^t/o< a? % /hmik&SZcb b-CMjalfc^^g^tvTV' 
So M^itBtt, ^KlStrfv i/vXM^TLtt 
S i #> 

B=TL/ f 

1 SrT@S«4f/J'ai-efcSr.t 

Sr^'t'o 

[0 0 2 3] AISBBt-fcV'-C,. 
|g2r#-CE.o/hM'fkSrlllS7c«)(c:{4,-^ft : ^; (1) 

SI, K-^SXTtVgiWF^ (5) 

V'o 

(5) 0. 8 < T L t/f t < 1 

tt, (6) (1) 4b'±u« (5) b 

|l]^l-*J®;-rs H b &M3Z LV\ 

(6) TLw/ f w > 1.2 

(5) ti s mMffi&MlzjoftZMMlt&Mfe-tZ 
^frST*fc5o 

[0 0 2 4] ^#SC (5) (0±PBffi§rJ;®o-C, MSit 
l/yX^©Mft5:4DtL4v\ ^ 
(5) raTPS-ffiSTT 

tt$Fbt£Z<DX\ E©S*JR*SrAffKl*jE-C#*V'. 

(6) jE^I*«ttfc*irt5aaitSr*jrr5 
^#S;-C*feSo 

[0 0 2 5] jKftjBtttt-Ctt, 

<, iSot. -wfcfe, u-x 




(5) 



0-9 0 6 0 0 



fp-T^r i:^S^-efc5, jK^SS^ffitdisV'rB:. IE® 

TtsT J6^*^fl£OJB«f*E1H4E*©E«i:*S. 
Siff*05F*WW4«r«»-rSfcf±, 
Affllfr*«:*i _ 5^i'X««:B«-*-3r£fcJ: 9. JB9P 

0t#tttuyX4*#*^i*S:J#LT*# < *5. 

[0 0 2 6] t£oX. 3s#it (6) ©TPSfitSrTia-ofc 
#-g\ 

#t\- MtttoffctfBixttV', *3§f3K45V'TI4. ^XX 
S ©TSHb t SEfiBicds tt 5 u ^x±*o««fl:Sr HI * 
fcfelc. (2) &ffi&i~ 5Z irdSM^U 

V'o 

(2) 0. 6 < (TLt— TLw) / (f t — fw) < 

0. 9 

gkftj£ (2) (4. W'VXffi*tt«B^*flsLfclRO« i iiRE 

Bwasflsm^'fs it? 

fos, 

[0 0 2 7] i£#5£ (2) ©_fc|Rtt«:_hEofc:|fre\ CD 

#*©ffl*MbJK $>3 
V'tt* ®aai«^tRK:jstt« i'V'X£*©*:SMb«r3l* 
firt. < ixom-g- > 0f£©ja3a3ft*«r»»^5fctti'^ 
xao*aMbSr5i#iew-rfc«>> ro*t©*e-fci':-'X* 
©XBfclcofca* D. «©fitKt5. TPS 

tt«rTiaofci»£\ u^X*©/MHb:9*B*t5ifl*, ^ 
^X»offlSf*!»B*5<o-e#[jft«fKu^x»©{Bibk: 

ce=^ Mbics-rs. 

[0 0 2 8] TSiimctiV'Ttt. f 3i^yXi|ouyx 
SwTS'fkSrlllSftifetc, ECTro^frS; (3) ^ms^ir 
Srt^itU'o 

(3) /3 3w> 1 . 4 0 

3»#se (3) (4, fcft$nytm£}oftz$53 L^yxiot 

[0 0 2 9] &#5£ (3) OTIMtSrTHofci^. fc 
2>/<-y ? 7 *—# *otlS 

V', *3 uvX»Sraa-rsB^3tt***3tB*»fel«4x-C 
uyXlisX®ftUTL4 5o **J. jEABttttfcisH- 
««»*!» fl3wa*X* <*5i, 

iss^i 

ic:43Jt5^3 i/yXSot®iiif 
[0 0 3 0] 

[3&3] 

( = 0 3t z — 1 ) 

[0 0 3 1 ] J4S5 3 u>'X3¥©ftfgFS|S©2SfcK:||«UT 
itXTSfcfc, 0f3e©*fl0Ftt:S:j|««p L*tf feJfcASSMKtt 
K45145SI3 ^Wcfclt 

3fg3 uy/ioii»ISi#g«iiXt < * 9 , » 

jfc«*ic.fc5«ffi(fcfl©as*b (®rje©«®(fclKK:#-*- 



5) «*^CT0f3fe©3t#tt«Jft*#e>H*v'llMiis^lir 

b^ Oo 

[0 0 3 2] £1±<7>Z bfatb. TiSS^-t^Xte. Wife 
£» 3 Kf4^S; (3) ©±BH»«rl. 6 t 
■tZZb&mti LV\ 

«iS-ei/yXti«®iS»tt5iC, 3M**«r#WS 
t^^^vxp© 5 1 i-' 

vX#4 9{fe®fcEg£;h,5i^X3¥©ffif&*as^b1- 

^Xfir«^B©J6flsfc^oriB^-r-5BiRaE©*WiJJ*X 

[0 0 3 3] t£oX, ^&V'U>Xl¥X*ii5V'^f&ifc£5i 
jfci-Sfctt, uxXCS;S^fiSco^bl^5«m¥<X)^b 
^aic^tv^yXiSr^Ktri^fFg-cfoS. w 
vX{4@«^co^t;(c^5«t^(0^b(4. ST^JicP 
^5wvX«m±©miW©®fbfcJ:oX£C.5fctf>, Sr 

S4. SCT©^* (4) . 

(4) 0. 5 < (D IT— D 1W) / (D2W — D2T) < 2 

( 4 ) (4, Ii>yXStf 2 uyxitiao 
»j*six«*i^*im«£S*2 ^xitf3 u-vxsp 
i: tci 9 2 h^xa****©* 

fl: J: * Bfls * © Jt Srafir 5 ft fl=a:-C *> S . 

[0 0 3 4] AftSt (4) ©±|Rlt«rJh0ofcifr&\ u 
xx&s^ro^ib(-#5®2 uxxw©^^©^ 
a**# < * •? , m 2 U'>x*p»c*sv'x^^-r-s w^iiR^ 

©^»£&0lx*:iET#&V' 3 i£{c. 3?#5£ (4) ©T 
IR««:T0ofc»&\ V'^X(flr««ffi©B-fbK:#5jB3 
u VX#©«flMs©aMb!#**:# < ft 9 > * 3 UV'XPK 
4bX'X^i--5tt^-«x^©^Sli^SS ; icttHX# &v\, 
[0 0 3 5] 4 9 i®tt®-fbSr0S{cf4, TPS-fit^r 

1 . 8 5 t b, TPMSSrO. 7 5tt5-ti s iJt 
V\ T^?^t-45i/'X(4. ^ftV'U^XtkBT**^**:* 
^BSr^AfS-i^a^UV'. # 
te, iSAMMfcttteiB ft 5 ld«TX 5 (c 
(4, 13 l/yXSSriEl^yXiAuyX-C^U IW 
>-X©^ffl!j©u^X®S:^®‘fb-r-5Xi:^^ L 
< , ^2 u>'X|¥^45V'X^-r5tt-h*RMttt^JR^ 
i:^mWf- ; fiT-t-5fCf4. *2V'J'X#oWPlR9a» 
hhot bMtitz u xXSSr^S-fb-T 5 x £ b 

v\ 

[0 0 3 6] $X, T^^I-4i»t-5»Jco«.^(c4;Hf4. 

MBffiFX-AuvX-cjB^biS'fe*^ . 

Xu^ds®S©^Xwfc:<tS^»tSrl5SCtc*(i, 

-B:, i^yXi?ri^t5 u->-X8¥cD p locouvX 
fc^>V'f4TW— ®%{!X'UXXS¥i:bX(l 
Xu^Xu^tU^fci Otftmu, &tti£ixfcX 
L-^rttiET-5 4 ?fc|g®i#Slc4; *9 d-b^xXp^Cl-L' 
h $*X, fttu5:ffiEt5wtT-KS)fc 




( 6 ) 
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[0 0 3 7] 
t5o aim, 

WMII.J: OffiUU jEJSSf^cO® 
11/VXiGl, jE®W*< 0^2 WVXpG2*J<tTJ ? A 
®#rXj<£>^3 wyXgG 3 0 3 0© wvX|ft«$ 

n, &&&&&* 

x = cyV {1+ (1— /cc 2 y 2 ) 



'fb'TS^lw, Ill^yX#GliS2l/yXiG2i:© 
PiBPS^iiXU S2uyXSG2iB3yyXiG3i 
<fc 5 (-< i--<-c<o yyxi^ijfti^ 

[0 0 3 8] Sfc. ^S-ItJSWCfcSV'T, ^3*®«E1T© 

[0 0 3 9] 

[14 ] 

1/2 } +C,y 4 + C 6 y B +- 



ft*}, yli^ffl^^cDiS^s xii1f<Xa, cf±ffi4v C 4> 

C 6 , — «±I^B^gSfC^5o 



[ 0040 ] [^i mmmi 0 2 «, «tnos 1 ife&s 
^j(ci5^>x#j^ia^u-c4ot). liyyxSGi 
tt^(IUCi£!i®SMlO»tfcy'-X*^^©AV'XXL 1 
1 > #)ft:{|iJ^£jB5rrn]ttfcX =^.X7^®^CDIEU>'XL 
1 2 -C#fife£ix, US 2 UVXi^G 2 
itfcX — ^.X7^.fl?4Xoo^ wyXL 2 1 iifiyyXL 2 

ms yyx#G 3 te^®WiSffi£iRnt£: 

X =^.X7^.^^coiHV'VXL 3 1 

yyXL 3 2 ix?>„ SP 

8!) sii^yyXL 2 i©^#i®uci2®£*K wyxg 
l2uyX|fG2i-»i 

Sts. 

[0 0 4 1 ] IfSl sgMWCfeV'Tfi. f2yyXiG 2 

tKi. o. fi®*^****?*. 

5o £lT©^l~5tc. ;fcf§0l]l£:l3»*5^1 

B<£>«£ii(f5o 3*a6«©»5c* [ f> © f »J«j£S6$t. F 
NOttFty^-, 2 <o «:&£! U HJfr^fidift U 
=587. 6nm) l£ ^-T -5 -<?&?>. 

[0 0 4 2] 



[^1 ] 
f 


30. 90 


— 57. 01 — 


78.11 


FNO 


4.38 


— 7.29 — 


9.35 


2 co 


67.26 


— 40. 24 ~ 


30.24° 






mmm ms 




1 


19. 6599 


1. 000 1. 84666 


23.83 


2 


15. 2372 


1. 000 1. 0 




3 


13. 1462 


2.500 1.51680 


64.20 


4 


34. 8791 


(D4) 1.0 




5 


0. 0000 


2. 500 L 0 


(ISP&iO) 


6 


-6. 7673 


1.625 1.83500 


42.97 


7 


-8. 5917 


0.250 1.0 




8 


119. 2871 


4. 375 1. 51680 


64.20 


9 


-10. 8925 


(D9) 1. 0 




10 


-31. 2500 


2.500 1.68893 


31.16 


11 


-26. 0457 


2.875 1.0 




12 


-11. 8149 


1. 250 1. 79668 


45.37 


13 


-78. 6331 


(Bf) 1. 0 





i9it®i o Btt^anB-efc •) , ^a®«*i4KTf!: 



-Cfc-5 0 
[0 0 4 3] 

[iK 2 ] 

[®91i] 

K = 1.0000 

C 4 =+l. 13475 X10" 4 
C 6 =-5.28843X10' 7 
C 8 =+1.63890xl0“ 8 
C , o =-2.67187X10-’ 1 

irniom 

k = 1.0000 

C 4 =+7.42810xl0- 5 
C 6 =+5.21535 X10- 8 
C 8 =-9.40908x10-’° 
C, 0 =+2. 05393x10-’ ’ 

[0 0 4 4] 

[5& 3 ] 

DsraiBiwR] 



f 


30. 9009 


57. 0144 


78. 1125 


D4 


2. 8545 


9. 3372 


12. 7996 


D9 


9. 8589 


4. 0023 


1. 8750 


Bf 


7. 9227 


27. 4954 


42. 0802 



[0 0 4 5] 

[^4] 

IMgefe^- 1/3 0fgB#<x>fS2 yyXSfG 2©^SbS 
6 2 ] 

f 30. 9009 57. 0144 78. 1125 

DO 929. 3189 1704. 9695 2333. 0302 
5 2 0.5098 0.3329 0.2706 

(**s. t-tz) 

[0 0 4 6] 

[3ft 5] 




(7) 



0-9 0 6 0 0 



[IfettSC#! s«] 

f 1 =+73.1582 
/? 3w= 1.478 

(1) f 1/ (fw • ft) ,/2 = 1.489 

(2) (TLt-TLw) / (ft — fw) =0. 765 
(3 ) 0 3w= 1 . 4 7 8 

( 4 ) ( D IT- D lW)/( D 2W— D 2T) = 1 . 2 4 6 
( 5 ) T Lt/f t = 0. 9 8 1 
( 6 ) T Lw/f w= 1.311 



[0 0 4 7] 03 75M® 8 1 SlJ£0!l<£>lf HX 

£g®%^U 0 3 753g® 5 ’PmMiiL 

Srfg L. 0 6 8 

#t«B» S3t«T?©»ll5fflF^-l/3 0fflF««fc*jrtS» 
0 3»aH8O4HRSHfc48V'-C» S£ffi 
J|X^0*<OSiligM35fcffiJlxa, fi.m-i-f't X • nX^-f'X 
aX&^U yfiMfeitSSr^U ^iR^04 i ro^tti+ 
D =»^JR 

M0tt, -f£>ii5y = 0, 5. 4, 10. 8, 15. 12, 

2 1. 6-eco = -^lRa$r*b. AteA&NS, 

[0 0 4 8] 

«*Lfcttai4ttSr^rb-CV'SitttW6>a»tr 

fc-5o 

[I2^1M] 0 9 ti, *3B'W®»2 30fi«teJ:5u>' 
X»/&®£^ LT*J 0, II xxX|*G 1 

fa+lfcA^^^A^JbWIEUXX^^g^-IEXxXL 1 
-e«fdc£*u ^2 xxxgfG 

2 1 iifll/yXL 2 21? 
SK3 l/yXBG3IJ§i'' aB5r(n]ft7Si^ = 
^A^MOjEU-yXL 3 1 

=^*^«O^L'VXL3 2ti^Jlx5. §H P ^ *9 
S XXXL 2 1 O&flcffiflfcliEBStK 

*a*B<b-*-slKfc, Mi uyX»Gisyi2 uxxi¥ 

g 2 ittsijj^ss-rs. 

[0 0 4 9] rcD^2mSF!llC4oV'-CfSs 3? 2 XXX|£ 
G2tr3t*k*ie]fc»»S-tt-«ii:K:J:9, iEKIBS*sa* 
ffx^o eiTOT^6~l Otc, 

#J«f#yc<£>{it£Ji(f 5„ ^iS^!|co^7c^4>co f li+iL&Sg 
SI, FNOliFty^-, 2 cottptfiSr^U JBJff^ttd 
^ ( X =587. 6nm) fC*t-f- 51ttl?&>3, 

[0 0 5 0] 

[^6] 



f 


32. 18 


- 52.40 — 


82.48 


FNO 


4.58 


~ 6. 69 — 


9.56 


2 Ct> 


64.38 


~ 43. 38 — 


28. 78° 






ffiWBI 


m&rm 


Ty^Sc 


1 


17. 3882 


1.375 


1. 84666 


23. 83 


2 


14. 2536 


3. 750 


1. 48749 


70.45 


3 


31. 8383 


(D3) 


1.0 




4 


0. 0000 


(M) 


1.0 


(WPttD) 


5 


-8. 4420 


1. 250 


1. 80420 


46. 51 


6 


-12. 5107 


1. 250 


1.0 




7 


41. 3109 


3. 750 


1. 51680 


64. 20 


8 


-10. 3111 


(D8) 


1.0 




9 


-31.2500 


2.500 


1. 68893 


31. 16 


10 


-22. 8590 


3.000 


1.0 




11 


-11. 5072 


1.500 


1. 76684 


46. 80 


12 - 


-106.4021 


(Bf) 


1.0 





»81fcJ|5-9iBlt#»iiiPfcD, #WE**«:£rFfcS% 
-Tifi y> -?$>Zc 
[0 0 5 1] 

[IS7] 

[JB8H] ' - 

/c =1.0000 

C 4 =+1.40810x10-“ 

C 6 =+8.76052x10” 7 
C 8 =-2.45514X10-* 

C t 0 =+4.74648xl0- 10 

im 9®] 

K = 1.0000 

C 4 =+6.86490x10" 5 
C 6 =+2.71725x 10 -7 
C 8 =-4.81737xl0- 9 
C 10 =H. 10814X10-’ ’ 

[0 0 5 2] 

IM 8 ] 



f 


32. 1810 


52. 4033 


82. 4846 


D3 


2. 1250 


10. 7122 


17. 2421 


D4 


2. 2295 


2. 5000 


2. 5000 


D8 


10. 2339 


5. 2523 


1. 8750 


Bf 


7. 8722 


21. 7151 


41.2521 



[0 0 5 3] 

1^9 ] 




( 8 ) 



0-9 0 6 0 0 



[jgj izi&m- 1/3 u^xseg 2 ©^s&s 

S 2 ] 

f 32. 1810 52. 4033 82. 4846 

DO 970. 0358 1565. 6369 2458. 0212 

f 1 =+94.4053 



6 2 0. 5363 0. 4040 0. 3030 

(&:}o, *$i'ffc'[IJ^G>^Sijik£rIE t ’t'5) 
[0 0 5 4] 

[iio] 



j3 3w= 1.4507 

(1) f 1/ (f w * f t ) 1 n = 1 . 8 3 2 

(2) (T L t -T Lw) / (f t -f w) =0. 803 

(3) /3 3w= 1 . 4 5 1 

(4) (D 1T-D 1W)/(D2W— D 2T)= 1 . 8 09 

(5) TLt/f t = 0. 

(6) TLw/f w= 1 . 



[ 0055 ] si i o 7bmm i 5 1 2 mt#iG> 
i§JK3li0£r?Fb, 111 1 0 7i3E0 1 2 

01 3 75S01 

S*SST?<0 1/3 0{g:|£ 

Sllci5lt-5MiR^0SrSi‘o 01 OMil 5<Z}£-J|XM 
0tc:fcV'T, ^®itXM0 I f 

-fy • y U. 

fil+iX^/Hti®, y 

®£r®1-<, = -^JR^0«, ^iSy = 0, 5. 4, 10. 

8, 15. 12, 2 1. 6 = AI4A 

t+£l. Htt^iSbtrSrf-o 

[0 0 5 6] #®10i/, ^E««tt»JlJl36^A»fc 
-gnfc^^+tHgSr^LTV'-SG 

fo-5o 

[SH 3 H;5£0!l] 016S, 

vX«j£03rij* UTfc' 'O , % 1 I'VXpG 1 li^ift:{|i|/ 

1 1 , ffidhM 

^(DlyyXL 1 2t*ft^^!l, % 2 U^XSfG 2 
#4BI^0®£®tt7c^=^#*7F2:t£cO:AU>'XL 2 1 t 
SflfftoEvyXL 2 2-c*S/3££*u H3 yyXSG 
3«^fi!l— a®Sr|fi)(t^:y { =^*^^roiEW'>-XL 3 

3 2r-«fi5,$tl-5o iPSDIit+'^XL2 ltOWfil 
KUBSStt, I2UV 

XSG 2 t— 

[ 0057 ] *3*»«fci3V'rris » 2wyx»G2 
w t Sc J: D , IfiSgSi-a^^fx/ 
5 0 tTF<o^l 1~1 5F:, ^M^43»-tS^3HtS^ 
comTutom^i m?z>o m&mowTtm'pco f tt«.,&sg 

8 t, FN0(2F/V^— , 2 co till® ®#W3:d 

( X =587. 6nm) 

[0 0 5 8] 

[^ 1 1 ] 



9 8 5 
2 6 9 



f 


30. 90 


~ 55.94 ~ 


78.75 


FNO 


4.34 


~ 7.22 ~ 


9.34 


2 co 


67.42 


— 41. 06 ~ 


30.04° 






BflHH JBSt^ 


T'y^fk 


i 


-31. 0540 


1. 000 


1. 84666 


23.83 


2 ■ 


-139. 8968 


0.375 


1.0 




3 


21. 7397 


2.500 


1. 48749 


70.45 


4 


-52. 9497 


(D4) 


1.0 




5 


0.0000 


2. 500 


1.0 (HPi&D) 


6 


-8. 5930 


1.625 


1. 80420 


46. 51 


7 


-12. 3730 


0.250 


1.0 




8 


126. 5221 


4.375 


1. 51680 


64. 20 


9 


-10. 6761 


(D9) 


1.0 




10 


-31.2500 


2.375 


1. 68893 


31.16 


11 


-27. 2213 


3.125 


1.0* 




12 


-11. 8908 


1.250 


1. 76684 


46. 80 


13 


-231. 6048 


(Bf) 


1.0 





SS9®i:<gl OBte^iSSlJfc'D ,_ ^^ffi#i5cli£lT(^ 
TF't'il *) l?fc'5>o 
[0 0 5 9] 

[il2] 

[*9B] 

«r = 1 . 0000 

C 4 =+l. 24560 xl0~ 4 
C B =-l. 12260 xlO" 6 
C 8 =+7.08167xl0 _B 
C 10 =-1.34486 xlO" 9 
[IS 1 0®] 
k = 1 . 0000 

c 4 =+6.79153 XlO- 3 
C B =-2.92853xi0“ 7 
C 8 =+7.08167xlO~ 9 
C , 0 =-6.67544 xlO" 1 2 

[0 0 6 0 ] 

[3513] 

[was mmmi 

f 30. 9003 55. 9441 78. 7499 

D4 2. 2500 7. 0157 10. 7871 




(9) 



4ftffl¥-l 0-9 0 6 0 0 



D9 10. 9892 4. 5518 1. 8750 

Bf 7.8438 28.1679 44.5921 

[0 0 6 1 ] 

[Si 4] 

1/3 2 UVX8¥ G 2 

6 2 ] 

[SfefrSCfcWB*] 
f 1 =+58.1194 
0 3w= 1.4448 

(1) fl/Cfwft) w=l. 1 7 8 

(2) (TLt-TLw) / (f t-fw) = 0 
( 3 ) 0 3w= 1 . 4 4 5 

(4) (D 1T-D 1W)/(D 2W— D ZT)=0. 93 7 

(5) TL t/f t = 0 . 9 7 3 
( 6 ) T Lw/f w= 1.309 

[0 0 6 3] in 1 7 73/Sin 2 2 (4:£3§?8<Og? 3 UO 



7 5 6 



ffJfcMmSr^U m l 7 75SIH l 9 
f» (t 5 

Kj&smsrsu m 2 0753 EIH 2 2 j4-t*t j e*u££ag. 

ttK*SH-S»J|5iaEBaSr*i-o m 1 7 7iMm 2 2 
mi-do'V'T, .6$u4-t+ 

. ayf+'^sy^U y 

fifc&fttt* ]) =?4 X-r/i'te 

m&^i-o =*-?nxmmtt. mmy = o, 5 . a, 10 . 

8 , 15. 12, 2 1. 6tro=iviRiSrtL, ASA 

[ 0064 ] #jRnm^e>, *xm®jt4fgi&M3 5 &£?(- 
ttaE^iv *4xfc»*ttttSr*Lrvi«J:i:r4W6i»T? 
fc5, 

m 2 3(4. *38W©*4 5*M[«K:J:5U 
yXM^Lr^D, sgi uyxjUG 1 (4Mia®« 

OA+'XXLl 1, 1 2-r*«fife$ 

41 . |f§2 1/^XSG 2f4^{Ba^-DflffiS:^I»tfcX=^* 
AWCtH-XL 2 1 i$!'[fW-a®£ft(tfcX=X# 
AltOIEvyXL 2 2t?®J5S;^n. ^3U>-X8¥G3 
»4$t®]~- Ciffi&lpHtfcX =^47^.?g^(OIHl'>'XL 3 1 
htoW-te l(c[HIffi$r(6](t^:X=XX7^^<7)^u>XL 3 
2 7?«fig$4i5, ISP®9Stt^wyXL2 1<OftM 

icias$4i. i^^xtt*«i»i**^[si-«lRfc» I 2 uy 

X»G2 

[0 0 6 5] ^4mg®|(C43V'T(4, |2yyX®G2 
«:3t#^[6]lc^i!)^-a:5wt(r4*?. 

S. aTOSl 6~2 0(c. *?S 38 (’ & (4 3 fg 4 SJ£®J 
w^5cco1ie^li(f SI£®J<Oi#7ES*W f tefL&fig 
ffi. FN0I4F4-X^— . 2 a> teHA £S U ffllfr^»4d 
m. (4=587. 6nm) tCjJsfr-f SfiTCfeS. 

[0 0 6 6] 

[S 1 6 ] 



f 30. 9003 55. 9441 78. 7499 

DO 929. 9937 1676. 3029 2355. 8007 

6 2 0.5657 0.3660 0.2974 

{*45. <D#tbS2rIEi-r-5) 

[0 0 6 2 ] 

[Si 5] 



f 


30. 90 


— 56. 02 — 


78. 75 


FNO 


4.43 


— 7.24 ~ 


9.32 


2 co 


67. 06 


— 40. 68 — 


29. 84° 


BW5 




ffiWPg 




1 - 


“124. 1213 


1. 000 


1. 75520 


27. 53 


2 


98. 5796 


0. 375 


1.0 




3 


19. 9046 


1.750 


1. 58913 


61.24 


4 - 


•547.4991 


(D4) 


1.0 




5 


0. 0000 


2.500 


1.0 


(WP&O) 


6 


-8. 0380 


1.625 


1. 80454 


39. 61 


7 


-11. 0146 


0.250 


1.0 




8 - 


-136. 1576 


5.000 


1. 62041 


60. 35 


9 


-11.4675 


(D9) 


1.0 




10 


-31.2500 


2. 375 


1.68893 


31. 16 


11 


-25.8365 


2.750 


1.0 ' 




12 


-12. 7789 


1.250 


1. 79668 

\ 


45. 37 


13 * 


-121. 1517 


(Bf) 


1.0 





trr-foSo 

[0 0 6 7] 

[Si 7] 

[»9ffl] 

a: =0.8171 

C 4 =+8.06707x10-* 
C 0 =-1.10605x10-* 

C 8 =+4.83834X10-* 

C , o =-7.38936 x lO -10 

MSI Offi] 

/c =0.0090 

C ,j =+6.20237 x 10 -3 
C 6 =-l. 16831 xlO" 7 
C 8 =+7.67159x 10-'° 
C 10 =+3. 95016x10-' 2 

[0 0 6 8 ] 

[SI 8] 

[CRURIS] 




( 10 ) 



10-90600 



f 


30. 9001 


56. 0238 


78. 7484 


D4 


1. 7500 


7. 2672 


11. 0000 


D9 


11. 5327 


5. 3356 


2. 7500 


Bf 


7. 9525 


27. 3167 


43.0421 



[0 0 6 9] 

[IS 19] 

[#'#«*- 1/3 0M®f2l^yX»G 2 



6 2 ] 

f 30. 9001 56. 0238 78. 7484 

DO 930. 2685 1677. 8917 2354. 6307 
6 2 0. 5504 0. 3660 0. 2988 

[0 0 7 0] 
li [i20] 



f 1 =+58.3170 



/J 3w=l .4615 

(1) f 1/ (fw ft) l/2 =l. 206 

(2) (TLt-TLw) / (f t-fw) =0. 743 
( 3 ) 0 3vt= 1 . 4 6 2 

(4) (D IT— D 1W)/(D 2W-D 2T)= 1 . 053 

(5) TLt/f t = 0. 9 6 1 

(6) TLw/fw=l . 2 98 



[0 0 7 1 ] IS 2 4 75^0 2 9 4 

IfUZ^^U IS 2 4 7b^m 2 6 

fpfiBM&mmvtM. » 5 

0 2 7 75S0 2 9 

‘pmMjftENEttltt. 1 / 3 OfM* 

mic&i-f zmi&mmzmT. i2 4Mi2 9©«i 

0tC*3V'-C. 

-f V • = ^irV V a y L-. 

®£r^'t~o ^ffiy = 0, 5. 4, 10. 

8, 15. 12, 2 1. 6t?0=i^iRM?r^b. AJiA 

[ 0072 ] #i&Mni/&><b. 

fc5. 

[0 0 7 3] 

[3§M©3bJli:] /J'MT*J.o^^lb^ 

[0®©$5#&t&93] 

[01] ^JSWKisasflSat^wJBSfAEBSr^i-fll 
^0 

[®2] 

[ 03 ] m i 
mm 

[0 4] mi 
wm<vm®imm 

[ 05 ] m i iiM^<oM3S«ST?<t>isfiKa-a-^!Rfigco^jR 
ia 

[0 6] m 1 

l&M® 

[0 7] * 1 *tt«©4 , n*jfee*tt*nr©»*m*|s-i 
/3OfgCDlflKM0 

[0 8] fg 1 |gffi^J(73Mjsffi-t-<oa^^-l/30^<7)M 
HXS® 



[0 9] 

[010] as 2 mffiMcDjzfiffiT-commm&MVimvm 
ifc^0 

[011] 

[ 012 ] m 2 ^J£^!l»Mjaffi-e<7)«PIiS-a-^^(Olt 

JRS0 

[013] m 2 ^«Oj£^ai|-e®«j»ffiF^-l/30ffiF© 
ftJfcil® 

[014] m 2 ^J 6 ^J© 4 > 

-1/3O^COMHKM0 

[015] » 2 ^«©S®*«TJ©lHeffiF4»-l/30fflF© 

[ 016 ] m 3HJ6^!l<o«^^^-t't ; VX»rffi0 

[017] ^3HJ6^©lSASSS-e©liKiS-S-)IS^lfi©® 

J&IS0 

[018] ^3*mF!l©4 j ra^^5gKI^'e(0«|5S3S'a' 

[ 019 ] S3 

umm 

[020] m 3 HJS0!l©l£ASB-e©liJ^W^-i/3Offif© 

StUXM® 

[ 021 ] as 3 

-l/3Ote©ftiKS0 

[02 2] m 3 l0fc^©MiS^©iR#f&^-l/3Of&© 
!#iR^0 
[02 3] 

[024] m4mffi0<l(O£fiffi^<9MPMM'£-MWM<om 

itzmm 

[025] 14 

*U*tt©»JR3£H 

[ 026 ] 
nxmm 

[ 027 ] m4mM&}<^i£MtQr-(omM{sm-i/3om(o 




( 11 ) 



0-9 0 6 0 0 



[ID 2 8 ] + 

-l/30te<OifHX^I2 

I® 2 9 1 fg 4 ^JS0lJ<73M»^-CCOSS^fS^-l/3Of*<O 

ttUXMIH 



G1 :|1 

G2 :§2 1-yXSf, 
G3 :|3 U-vXS^ 



[•HI] 

03 



61 02 





